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VKDSH RI (&* ZDYHIRUP DQG KHDUW UDWH 9DULRXV FRPSXWHUEDVHG PHWKRGRORJLHV IRU DXWRPDWLF GLDJQRVLV KDYH EHHQ SURSRVHG E\ UHVHDUFKHUV
KRZHYHU WKH HQWLUH SURFHVV FDQ JHQHUDOO\ EH VXEGLYLGHG LQWR D QXPEHU RI VHSDUDWH SURFHVVLQJ PRGXOHV VXFK DV SUHSURFHVVLQJ IHDWXUH
H[WUDFWLRQVHOHFWLRQDQGFODVVLILFDWLRQ
,Q WKLV UHVHDUFKZH IRFXVRQ ILOWHULQJ WKH(&*VLJQDO LQRUGHU WR UHPRYHKLJK IUHTXHQF\QRLVHDQGHQKDQFH WKH456FRPSOH[HVDQGRQ IHDWXUH
H[WUDFWLRQ 7KH ODWWHU LV WKH GHWHUPLQDWLRQ RI D IHDWXUH YHFWRU IURP WKH (&* SDWWHUQ YHFWRU 2XU IHDWXUH VHOHFWLRQ DSSURDFK LV EDVHG RQ
LPSOHPHQWDWLRQRIRUWKRQRUPDOIXQFWLRQV5HSUHVHQWLQJ(&*PRUSKRORJ\ZLWKFRHIILFLHQWVRIRUWKRQRUPDOSRO\QRPLDOVUHVXOWVLQUREXVWHVWLPDWHV






(OHFWURFDUGLRJUDP(&* LVRQHRI WKHPRVWFRPPRQELRORJLFDOVLJQDOVZKLFKSOD\DVLJQLILFDQW UROH LQ WKHGLDJQRVLVRIKHDUW
GLVHDVHV 7KH (&* LV D WLPHYDU\LQJ VLJQDO UHIOHFWLQJ WKH LRQLF FXUUHQW IORZ ZKLFK FDXVHV WKH FDUGLDF ILEHUV WR FRQWUDFW DQG
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1RUPDOO\WKHVHHOHFWULFDOLPSXOVHVRFFXULQDVHWRIUHJXODULQWHUYDOV(OHFWULFDOZDYHVFDXVHWKHKHDUWPXVFOHWRSXPS
'LVWXUEDQFHV LQ UDWH UHJXODULW\ DQG VLWH RI RULJLQ RU FRQGXFWLRQ RI WKH FDUGLDF HOHFWULF LPSXOVH KRZHYHU SURGXFH LUUHJXODU
EHDWLQJRUDUUK\WKPLD3UHPDWXUHYHQWULFXODUFRQWUDFWLRQ39& OHIWEXQGOHEUXQFKEORFN/%%%DQGULJKWEXQGOHEUDQFKEORFN
5%%% DUH WKH WKUHH FDUGLDF DUUK\WKPLDV ZKLFK FDQ OHDG WR RU LQGLFDWH WKH ULVN RI KHDUW IDLOXUH  7KH 39& LV FKDUDFWHUL]HG E\
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Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
427 George Georgiev et al. /  Procedia Computer Science  12 ( 2012 )  426 – 431 
WUDQVIRUPVDV.DUKXQHQ/RHYHWUDQVIRUP0RRG\*0DUN5+HUPLWHIXQFWLRQV/DJXQD3-DQH52OPRV67KDNRU19
5L[+DQG&DPLQDO3/DJHUKROP03HWHUVRQ*%UDFFLQL*(GHQEUDQGW/6RUQPR/DQGZDYHOHWWUDQVIRUPVKDYH
EHHQ XVHG IRU DSSUR[LPDWLRQ RI WHPSRUDO DQG IUHTXHQF\ FKDUDFWHULVWLFV RI WKH456 FRPSOH[ZDYHIRUPV 6HQKDGML/&DUUDXOW*
%HOODQJHU --3DVVDULHOOR*  (DFK FRHIILFLHQW RI.DUKXQHQ±/RHYH ./ H[SDQVLRQ UHSUHVHQWV LQGHSHQGHQW LQIRUPDWLRQ DQG
SURYLGHV DQ RSWLPDO VLJQDO UHSUHVHQWDWLRQ LQ WKHPHDQ VTXDUH HUURU VHQVH DV WKH./EDVLV IXQFWLRQV FRQVWLWXWH DQ RUWKRQRUPDO VHW
/DJHUKROP 0 3HWHUVRQ * %UDFFLQL * (GHQEUDQGW / 6RUQPR /  +HUPLWH IXQFWLRQV ZHUH ODWHU SURSRVHG DV D XVHIXO






ECG Waves and Intervals
7KHHOHFWURFDUGLRJUDPLVD WLPHYDU\LQJVLJQDO UHIOHFWLQJ WKH LRQLFFXUUHQW IORZZKLFKFDXVHV WKHFDUGLDF ILEHUV WRFRQWUDFWDQG
VXEVHTXHQWO\UHOD[7KHVXUIDFH(&*LVREWDLQHGE\UHFRUGLQJWKHSRWHQWLDOGLIIHUHQFHEHWZHHQWZRHOHFWURGHVSODFHGRQWKHVXUIDFH






Fig. 1.(&*ZDYHVDQGLQWHYDOV                       Fig 2. 5HDOGDWDGUDZQIURP0,7'DWDEDVH
(DFKEHDW RI WKHKHDUW FDQEHREVHUYHG DV D VHULHV RI GHIOHFWLRQV DZD\ IURP WKHEDVHOLQHRQ WKH(&*7KHVHGHIOHFWLRQV




• 456 FRPSOH[ LQGLFDWHV WKH H[FLWDWLRQ RI YHQWULFOHV ,W LV WKH ODUJHVWDPSOLWXGH SRUWLRQ RI WKH (&* FDXVHG E\ FXUUHQWV
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VHFPHDVXUHGIURPWKHILUVWGHIOHFWLRQWRWKHHQGRIWKH456FRPSOH[


























ECG Preprocessing and Approximation
7KHFRHIILFLHQWVRIWKH+HUPLWH/HJHQGUHDQG&KHE\VKHYEDVLVIXQFWLRQUHSUHVHQWDWLRQVDUHGHWHUPLQHGIURPDKLJKSDVVILOWHUHG
(&*VLJQDOLQRUGHUWRDYRLGSRRUILWVGXHWRWKHSUHVHQFHRIYHU\ORZIUHTXHQF\FRPSRQHQWV7KHEDVHOLQHILOWHULVLPSOHPHQWHGDVD
OLQHDUSKDVH ILQLWH LPSXOVH UHVSRQVH ORZSDVV ILOWHUZKLFK HVWLPDWHV WKHEDVHOLQHZDQGHU IROORZHGE\ VXEWUDFWLRQRI WKLV HVWLPDWH
IURPWKHRULJLQDO(&*±)LJ7KHILOWHUFRPSOLHVZLWKWKH$PHULFDQ+HDUW$VVRFLDWLRQ$+$UHFRPPHQGDWLRQVLQWHUPVRIFXWRII
IUHTXHQF\ IRUEDVHOLQH ILOWHULQJ7KHSURSRVHGVLPXODWRU IRU(&*DSSUR[LPDWLRQDOORZVXVLQJZDYHOHWVEXLOW LQ0DWODEDVZHOO DV
XVHUGHILQHG ZDYHOHWV VHOHFWLRQ RI FDVH DQG SDWLHQW IURP0,7 GDWDVHW SORWWLQJ WKH QRLV\ GDWD DQG SUHSURFHVVHG RQH GLVSOD\LQJ





Fig.37KHSURSRVHGVLPXODWRUIRU(&*DSSUR[LPDWLRQ                                Fig. 46L[&KHE\VKHYSRO\QRPLDOV
+HUPLWHSRO\QRPLDOVIROORZWKHUHFXUVLRQ
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7KH\DUHRUWKRJRQDO IRU ff x ZLWKUHVSHFW WR WKHZHLJKWLQJ IXQFWLRQ 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 DQG
ıĲn-x 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IRUVDPSOHVGHILQHGZLWKGLIIHUHQWVSDFH$IWHUQRUPDOL]DWLRQWKHRUWKRQRUPDO+HUPLWHSRO\QRPLDOVWDNHWKHIROORZLQJIRUP
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IRU .x  7KH&KHE\VKHYGLIIHUHQWLDOHTXDWLRQKDVUHJXODUVLQJXODUSRLQWVDWDQG f ,WFDQEHVROYHGE\VHULHVVROXWLRQXVLQJ
H[SDQVLRQV$UINHQ*7KH&KHE\VKHYSRO\QRPLDOVRIWKHILUVWNLQGGHQRWHGE\ xTn DUHQRUPDOL]HGVXFKWKDW 11Tn   
7KH\ DUH XVHG DV DQ DSSUR[LPDWLRQ WR DO HDVW VTXDUHV ILW 7KH ILUVW IHZ SRO\QRPLDOV JLYHQ EHORZ DUH LOOXVWUDWHG LQ )LJ   IRU
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7KH&KHE\VKHYDSSUR[LPDWLRQSRO\QRPLDO xPn RIGHJUHH nd IRUDJLYHQIXQFWLRQ xf RYHUWKHLQWHUYDO @> 11, FDQEHZULWWHQ















































































Fig. 5.)LUVWILYH+HUPLWHSRO\QRPLDOV                  Fig. 6. )LUVWILYH/HJHQGUHSRO\QRPLDOV

)LUVWILYH+HUPLWHDQG/HJHQGUHSRO\QRPLDOVDUHVKRZQLQ)LJDQG)LJ
:KLOH./DSSURDFK FDQQRW HIILFLHQWO\KDQGOHEHDWVZLWK ODUJHGLIIHUHQFHV LQ456GXUDWLRQ HJ QRUPDOEHDWV DQG39&¶V WKH
ZLGWKSDUDPHWHURI WKH+HUPLWHPRGHOSURYLGHVDQHIILFLHQWDSSUR[LPDWLRQRI WKHVHEHDWV7KH ODWWHUZDVSURSRVHGE\ /DJXQD3
-DQH 5 2OPRV 6 7KDNRU 19 5L[ + DQG &DPLQDO 3  DQG ODWHU H[WHQGHG E\ /DJHUKROP 0 3HWHUVRQ * %UDFFLQL *
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(GHQEUDQGW / 6RUQPR /  +RZHYHU WKH\ GLG QRW VWXG\ KRZ WKH FKRVHQ QXPEHU RI SRO\QRPLDO PHPEHUV DIIHFWV WKH
DSSUR[LPDWLRQ HUURU DQG WKHUH DUH QR UHFRPPHQGDWLRQV DERXW WKH YDOXH RI WKHZLGWK SDUDPHWHU IRU GLIIHUHQW FDVHV:H SURYLGH D
GLVFXVVLRQRQWKLVPDWWHULQWKHIROORZLQJVHFWLRQ
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ZKHUH ^ `N 1nmm nș:  ș  LV WKH m WK EDVLV IXQFWLRQ mc  LV WKH FRUUHVSRQGLQJ FRHIILFLHQW DQG M  LV WKH QXPEHU RI UHVSHFWLYH
SRO\QRPLDOEDVLVIXQFWLRQV
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Experimental Results and Discussions
)LJ  GHPRQVWUDWHV WKH UHVXOWV RI DSSUR[LPDWLRQ RI 456 FRPSOH[ ZLWK + HUPLWH SRO\QRPLDOV DIWHU SUHSURFHVVLQJ VXP RI
VTXDUHGHUURU QXPEHURI5SHDNV 7KHYDOXHIRUWKHZLGWKSDUDPHWHU ı  LVVHW WR2XUH[SHULPHQWVZLWK(&*
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 ,I ZH LQFUHDVH WKH QXPEHU RI
SRO\QRPLDOVWRWKHVXPRIVTXDUHGHUURUEHFRPHVZKDWPHDQVWKDWWKH(&*FXUYHLVDOPRVWFRPSOHWHO\FRYHUHGDWWKH
H[SHQVHRIFDOFXODWLRQWLPH
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Fig. 9. 5HVXOWVRIDSSUR[LPDWLRQRI456FRPSOH[ZLWKDQG/HJHQGUHSRO\QRPLDOVDOHDVWVTXDUHHUURU EOHDVW
VTXDUHHUURU 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